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Abstract 
This research aims to investigate the filling scenarios of Qattara Depression in Egypt to adapt for sea level rise. 
Observations were documented and photos were captured. Data was assembled and analyzed. Different scenarios (3) 
were designed and simulated. The results of the scenarios were analysed using HEC-RAS and GIS, from which it was 
deduced that the factors (i.e. topology, land use, soil type and hydraulic parameters) are influencing parameters. The 
results were thus evaluated, compared.  
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1. Introduction 
Egypt is highly vulnerable to climate change impacts according to several national assessments in 
addition to IPCC reports. Egypt’s coastal zones, water resources and agriculture are the most vulnerable 
sectors. Climate change risks may affect Egypt’s future development plans. Egypt should, thus, start to 
implement adaptive strategies for managing climate risks in vulnerable areas [1]. For this reason, the 
present research was set in order to investigate the filling scenarios of Qattara Depression to adapt with 
sea level rise. Data was assembled and analyzed. Different scenarios (3) were designed. These scenarios 
were simulated. 
The above investigation phases are presented in this paper under the following headlines: 
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 Reviewing of literature in the field of climate change and Qattara Depression 
 Area description 
 Setting the research objectives 
 Planning the investigation methodology 
 Describing the study area characteristics 
 Assembling data and implementing them 
 Outlining the hydraulic characteristics of the study area. 
 Designing the different scenarios and simulating them 
 Evaluating the simulation results of  scenarios 
 
Nomenclature 
BCM   billion cubic meters 
DEM   digital elevation model 
HAD   high Aswan dam 
SLR  sea level rise  
TIN   triangulated irregular network  
 
2. Literature review 
Primarily, literature, in the field of flood risks, was reviewed. Many articles in the different journals, 
periodicals, and magazines were assembles and reviewed. Also, many reports from the different 
authorities and organization were studied. Based on the revised literature, it was found that many 
researchers investigated the flood risks due to climate changes and Qattara Depression, locally and 
worldwide. Among these researchers were, the following: 
x  [2] Stated that flood risk might occur due to high flood over the Nile River banks. 
x [2] Also mentioned that a canal could be dug from the Nile River to the depression to save the 
high floods of the river.  
x [3] Identified that a canal could be dug from the Mediterranean Sea to Qattara Depression to 
save the water due to the SLR.  
x [4] Quantified that the evaporation at Qattara Depression ranges between 1.8 mm/day, in 
January, and 7.9 mm/day in June. It was, also, identified the relative humidity to be between 
56%, in May, and 66%, in December. It was stated that the wind speed ranges between 7 and 9 
km/hr. 
x [5] Studied the evaporation loss from Nasser Lake. The annual evaporation loss in Nasser Lake 
increased due to global warming, especially at high level of High Aswan Dam (HAD). 
x [6] Studied the environmental changes in the area of Nasser Lake. It was mentioned that the 
environment of the lake has many obstacles for development activities around it. It was, also, 
cited that the lake slope does not exceed 5 cm/km. This makes the water to be stagnant and 
hence the likelihood of high pollution concentration increases. 
x [7] Investigated HAD and the Qattara Depression. It was quantified that the sediments deposits 
increased in Nasser Lake. This lead to the increase of khores.  
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x The General Authority for Rehabilitation Projects and Agricultural Development in Egypt has 
also studied groundwater sources in the area south of the Qattara Depression by digging 6 wells. 
Groundwater is safe for all purposes of agriculture and irrigation in all 6 wells.   
x RIGWA company consultancy studied the groundwater in Egypt. The aquifer system contains a 
mixture of renewable water and fossil water with a depth of 930 m in the north-eastern part of 
Qattara Depression along the Mediterranean Sea.  
x [4] Stated that the aquifers thickness range between 70 and 700 m with a discharge of 25 m3/day, 
in Freij Valley, to less than 1 m3/day, near the Qattara Depression. 
x Soil Water and Environment Research Institute (SWERI) investigated the land classification 
around Qattara Depression. It was stated that the soil, climate, and water sources are possible to 
allow the establishment of agricultural projects.  
 
3. Area description 
Study area could be described, as follows: 
x Qattara Depression is a natural depression that covers about 2% of Egypt area. Its length is about 300 
km. Its width varies between 50 and 150 km. Its lowest depth is -142 m and its surface area is 19605 
km2.The total storage capacity of the depression is 197 billion cubic meters (BCM). 
x There are two probabilities of flooding risks, in Egypt.  
x First risk might occur in the coastal area in the Nile Delta due to Sea Level Rise (SLR) and 
Delta subsidence.  
x Second risk might occur due to high flood over the Nile River banks [2].  
x Qattara Depression, in northern Western Desert, in Egypt, could supply new safe area for future 
development plans and could minimize the risk of floods.  
x A canal could be dug from the Mediterranean Sea to the depression to save the water due to the SLR.  
x A canal could be dug from the Nile River Nile to the depression to save the high floods of the river.  
 
4. Setting the research objectives 
After the recognition of the area, the study objectives were set. The main objective of this research is to 
investigate the filling scenarios of Qattara Depression and suggest a reasonable solution in accordance 
with the development plans in Egypt. The GIS and HEC-RAS were implemented to analyze the 
topographic and hydraulics data. The investigation, also, aims to study scenario to convey water to fill the 
depression.  
 
5. Planning the investigation methodology 
After setting the research objectives, the investigation methodology was planned. This section is devoted 
to present the investigation phases. 
 
5. a. Describing the study area characteristics 
The study area, Fig 1, is distinguished by many characteristics that could be described as follows:  
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x The study area is located in the Western Desert in Egypt. It is almost triangular shape its 
head at Assuit Barrage and its base ends at the Mediterranean Sea.  
x The topography varies at the lake shores (i.e. evidence of a longitudinal pyramid sand 
dunes and sheets with different heights, deltas fans, rocks, and calcium carbonates hills).  
x Maximum height is 350 m and lowest depth is -142 m.  
x The climate of the area is arid with high temperature and low precipitation.  
x Temperature ranges between 35 ºC, in summer, and 20 ºC in winter.  
x Participation ranges between 5 mm, in January, and 0.8 mm, in April.  
x Evaporation ranges between 1.8 mm/day, in January, and 7.9 mm/day, in June.  
x Relative humidity ranges between 56%, in May, and 66%, in December.  
x Wind speed ranges between 7 km/hr and 9 km/hr.  
x The solar energy ranges between 400 w/m2, in summer, and 200 w/m2, in winter. 
 
 
 
Fig. 1 (a) map to the study area; (b) photo of Qattara Depression  
 
5.b. Assembling data and implementing them 
Data was assembled, analyzed and implemented. Digital elevation model (DEM) was used to generate 
triangulated irregular Network (TIN) map to the study area. Stream lines of canals, bank, flow paths, 
Qattara Lake storage, cross sections, land use, and hydraulic parameters were generated and digitized in 
the GIS and HEC-RAS environment. HEC-RAS is used to define the main topology, lengths, elevations, 
stations name, and Manning roughness coefficients of all generated features. HEC-GeoRAS is used to 
generate geometric file as input for the Hydrologic Engineering Centres River Analysis System HEC-
RAS. It is prepared by the US corps of Engineers, Fig. 2. 
(a) 
(b) 
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Fig. 2 geometry of a cross section in study area 
 
5.c. Outlining the hydraulic information of the study area 
From the assembled and analysed data, the following hydraulic information, about the study area, could 
be outlined: 
x Once the high flood water is discharged from Assuit Barrage to Qattara Depression, rather than 
Toshka Depressions, the bed level depth of Assuit barrage will increase (i.e. not less than 15 m). 
Also the Nile velocity will increase.  
x Larger cross section areas of open channel canals and flows were designed according to table 1. 
Table 1. Canal characteristics 
 
                                              
5. d. Designing of scenarios and simulating them 
Three scenarios were designed and simulated. These scenarios were as follows: 
discharge 
(m3/s) 
velocity 
(m/s) 
h  
(m) 
w  
(m) 
b  
(m) 
Upper reach 
(intake) 
800 0.5 15 115 100 
Lower reach 600 0.5 12 112 100 
Sub lower reach 200 0.5 8 58 50 
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x 1st scenario was designed to connect the Mediterranean Sea to the depression to fill it 
with saline water, Fig 3.  
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Fig. 3 1st scenario conveying canals from Mediterranean; (a) output elevation of lake; (b) output elevation of final portion of 
Mediterranean canal; (c) rating curve of Mediterranean canal   
(a) 
(b) 
(c) 
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x 2nd  scenario was outlined to dig a canal from the Nile River  to the depression to collect 
the water during the high flood season, Fig 4.  
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Fig. 4 2nd scenario conveying canals from River Nile; (a) output elevation of lake; (b) output elevation of  final portion of lower and 
sub lower reach Assuit canal  ; (c) rating curve  from lower reach Assuit canal ; (d) rating curve  from sub lower reach Assuit canal   
(a) 
(b) 
Assuit Canal Sub lower Reach 
(c) 
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x 3rd scenario was designed to desalinate the water and use it together with the 
groundwater to develop the area around the depression. 
 
6. Evaluating the results of scenarios  
The designed scenarios were simulated and results were obtained. These results were analyzed. The 
results of the three scenarios were evaluated. 
 It is to be mentioned that: 
Conveying part of the storage from Nasser Lake to Qattara Depression (Second Scenario) might reduce 
the flood risk and might reduce the evaporation loss from Nasser Lake. This is emphasized by Shafik N 
M. [5] who studied evaporation loss from Nasser Lake. It was stated that 1 billion cubic meters (BCM) 
could be saved if HAD level was reduced by 2 m. The water level decrease at the upstream of HAD will 
increase the Nubian Aquifer discharge to Nasser Lake by about 1.5 BCM, annually. The evaporation loss 
from branched khores will be reduced, Fig. 5. 
This was also emphasized by El-Sherbini M I [7] who studied HAD and the Qattara Depression. It was 
further hinted to the beginning of a new delta formation (i.e. 250 km long, it starts from Tunjur Village, 
30 km south of Wadi Halfa, and extends till the Toshka area). This delta will reshape the river to 
discharge its water into new side branches on both banks of the lake. The study recommended the storage 
in Qattara Depression. On the other hand, this was further emphasized by Hanaa Nother [6] who studied 
the environmental changes in the area of Nasser Lake. Despite the large size of the lake, its water is 
almost closed, thus limiting the ability of self-purification. The lake is subjected to a complex indoor 
water cycle that overlaps with other cycles occurring in its sub margins (i.e. 228 Khores). Large numbers 
of khores makes small boats to be lost in the lake, and large ships lose their way. There are many shallow 
side khores. These increase the water losses by evaporation. Mixing of khor water with the lake water is 
very limited; as a result, if pollution reached the khores it would remain inside them to be transmitted into 
the lake at low level periods. 
It is to be further stated that: 
Nasser Lake is exposed to thermal stratification phenomenon in summer where the lake is classified into 
3 layers. The middle layer prevents the passage of the bottom layer to the upper layer. Once pollution 
reached the bottom layer, the anaerobic reactions due to lack of oxygen will happen, thus, emitting 
nitrogen and phosphorus gases. As a result, fish will die emitting hydrogen sulphide, methane, and 
ammonia gases, which would deteriorate water quality. The withdrawal from the lake is mainly from 
bottom layer in front of the HAD. This causes major threat to the main course of the Nile in Egypt. Arid 
weather conditions increase water needs for agriculture. Each feddan, around Nasser Lake, needs 18600 
m3/feddan/year with irrigation efficiency system of 90% (i.e. drip irrigation systems); while each feddan, 
in the Delta and Nile Valley in Egypt, needs 6700 m3/feddan/year of water.  
It is to be further outlined that: 
The high temperature and high light intensity reduces the growth of many plant and animal breeds, they 
reduce the nitrogen fixation efficiency in leguminous crops; they lower the sugar concentration in beets 
and increase the infertility in Egyptian Buffalo factions.  
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Fig. 5 Evaporation loss from Nasser Lake Khores, [5] 
 
Khore Level (m) 170 172 174 176 178 180 
Klabsha Evaporation 
Loss 
(BCM/year) 
0.49 0.59 0.72 0.87 1.04 1.26 
Allaqi 0.74 0.77 0.80 0.83 0.86 0.89 
Sara 0.04 0.05 0.06 0.08 0.10 0.13 
Total Evaporation Loss from 3 
Khores (BCM/year) 1.27 1.41 1.58 1.77 2.00 2.28 
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It is to be also noted that: 
Sand dune around Nasser Lake spread with wind covering the plantings or uprooting it during stages of 
flowering and growth. Sand dunes sedimentation into the lake is about 1.5 million m3/year. Low soil 
slopes leads to the difficulty of water access to higher land allocated for agriculture on Nasser Lake. Fish 
farming, inside Khores (i.e. in floating cages or concrete ponds) transfers dead or alive algae and 
industrial feed waste used as nutrients that pollute Nasser Lake Water. 
It is to be mentioned that: 
The General Authority for Rehabilitation Projects and Agricultural Development in Egypt studied the 
groundwater sources in the area southeast Qattara Depression. It was stated that the main aquifer in 
this area is the Nubian Sandstone Aquifer which has a high productivity. 3 test wells were dug in this 
region where their productivity were 70 m3/s, self-flow, and 350 m3/s using pumps. Salinity of the water 
is 650 mg/l which is safe for all purposes of agriculture, irrigation and drinking. Each well can irrigate 
220 feddan with 300 m3/s for 16 hours and 20 m3/day per feddan. It was stated that the aquifer depth is 
about 1800 m starting at a depth of 800 m with a thickness of 1000 m. 
The Authority has also studied groundwater sources in the area south of the Qattara Depression by 
digging other 3 wells where their productivity were 400 m3/s, self-flow. Salinity of the water was 192 
mg/l, which is safe for all purposes of agriculture, irrigation and drinking. Each well can irrigate 3000 
feddan with 300 m3/s for 16 run hours and 20 m3/day per feddan. Aquifer Depth is about 2000 m that 
starts at about 800 m with thickness of about 1200 m. Sodium carbonate adsorption ratio reflects that the 
groundwater is safe for all purposes of agriculture and irrigation in all 6 wells.  
It is to be stated that: 
RIGWA company consultancy studied the groundwater in Egypt. Aquifers thickness ranges between 70 
and 700 m at discharge 25 of m3/day in Freij Valley to less than 1 m3/day near the Qattara Depression [4]. 
Table 2 shows the areas around Qattara Depression according to RIGWA hydrological map.  
 
Table 2. Groundwater potentiality around Qattara Depression, after [4] 
Class Area (Feddan) 
Extensive And highly to Moderately Productive Aquifers , containing mainly fossil 
water , essential on surface Recharge , Locally sub - Surface Recharge From Aquifers 3,076,138 
Local And Moderately to Low Productive Aquifers. insignificant surface recharge 
and limited sub surface recharge dipper highly productive Aquifers not excluded 1,763,919 
Local and Highly to Moderately Productive Aquifers ,occasional surface recharge 
from rainfall ,form surface run off or from irrigation water 1,238,424 
Non Auriferous Clays and Shale’s ,Generally underlay by deeper more Productive 
Aquifers 2,972,891 
Total  9,051,373 
 
It is to be further stated that: Soil Water and Environment Research Institute (SWERI) studied land 
classification around Qattara Depression. The soil, climate, and water sources are possible to allow the 
establishment of agricultural projects. This area is characterized by vast continuous land close to the 
northwest coast. The desert road near Alamein City in northwestern coast goes through this vast area to 
the southern oases in the western desert. Also there are some internal asphalt roads that connected this 
area by Wadi Natrun road. Most of this land area is sedimentary and similar to soil and climate of many 
successful agricultural projects in western desert in Egypt [4]. 
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7. Conclusions and recommendations 
GIS and HEC-RAS were used to study the filling scenarios of Qattara Depression. Based on the 
investigations, it was found that: 
x From the hydraulic point of view, no significant difference between filling the Qattara 
Depression from Mediterranean Sea or from River Nile, as the Depression can store huge 
amounts of water.  
 
It was thus recommended to: 
x Reduce the storage level in front of the HAD.  
o This will secure Egypt in the event of high flood of the High Dam, and transfer part of 
the storage to the Qattara Depression.  
o Reduce the level of the Nile River thus the canals can accommodate the flood in the 
high seasons, which is sinking islands and return to agricultural drains beginning from 
Aswan.  
o Reduce the rate of evaporation from Nasser Lake and increase the power of the HAD 
and the Aswan Old Dam.  
x Use the groundwater and desalination of brackish groundwater to cultivate strategic crops as 
wheat, which is cultivated by brackish or fresh water.  
x Use clean and renewable energy to reduce the costs of pumping water and wastewater treatment. 
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